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Abstract  —  Epitaxial growth of graphene layers on 6H-

SiC(0001) substrates are studied  to improve the performance of 
graphene for metrological applications. A face-to-face (FTF) 
annealing method at 2000 °C in an Ar background atmosphere 
are used to inhibit the rates of SiC decomposition and Si 
sublimation and thus control the graphene layer development. 
Sample surface morphology and its relation to changes in the 
growth conditions are described. 

Index Terms — Electrical resistance standards, epitaxial 
growth, graphene, surface morphology, quantum Hall effect. 

I. INTRODUCTION 

Graphene is a natural two-dimensional (2D) system which 
makes possible the development of a quantum Hall resistance 
(QHR) standard based on a new technology. Given the special 
nature of its reciprocal lattice, carriers mimic Dirac particles 
and an anomalous quantum Hall effect (QHE) [1] can be 
observed. The epitaxial growth process on 6H-SiC(0001) is a 
proven approach to realize graphene-based devices with 
metrological QHR characteristics [2] and is particularly suited 
to obtaining large-scale pristine graphene directly on an 
electrically-insulating SiC substrate without transfer. This 
method presents several technical challenges, i.e. control of 
the number of graphene layers, graphene-metal contacting, 
and equalization of carrier density over large areas.  

II. EPITAXIAL GROWTH PROCESS 

We describe a systematic study of epitaxial graphene 
growth on the SiC(0001) surface by a sublimation method, 
similar to the “face-to-face” (FTF) method developed in [3]. 
The sample morphology is intimately related to the growth 
conditions, so by controlling the growth we aim to find a 
reliable process to obtain samples suitable for metrology 
applications. The epitaxial graphene layers are grown on the 
chemically-mechanically polished (0001) face of semi-
insulating SiC wafers in an Ar atmosphere. Processing occurs 
in a commercial furnace equipped with a 10 cm inner 
diameter, 20 cm tall cylindrical graphite heating element. In 
all cases the background pressure was maintained at 
101.32 kPa with 300 standard cm3/min Ar flow rate.  

Our complete epitaxial growth process combines treatment 
of diced SiC wafer samples with some or all of the following 
steps: i) cleaning in concentrated HCl solution at most one 
hour prior to introduction to the furnace, ii) dehydration and 

cleaning at 500 °C for 60 h in Ar background gas, iii) H2-
etching with 4% H2/Ar gas mixture, and iv) graphene epitaxial 
growth at temperatures up to 2000 °C. The growth 
temperature is several hundred degrees higher than the range 
reported by most other groups [3] - [4] and, together with the 
high Ar ambient background pressure, duplicates the ambient 
conditions reported in [2]. Higher growth temperatures and 
ambient Ar background pressure should favor fewer graphene 
nucleation centers and larger single-crystal domain coverage.  

Steps ii) and iii) are made with samples separated from each 
other to avoid water or impurities being trapped between 
them. It is noteworthy that any accidental contact of SiC 
samples with laboratory air between steps ii) and iv) may lead 
to the development of etching pits. Since the samples are 
placed face to face before step iv) and the furnace must be 
open for FTF sample placement, the Ar flux is increased to 
5000 standard cm3/min and the top-loading furnace is not 
opened until the temperature is below room temperature. In 
this way the samples are not exposed to air. 

Usually two 8 mm × 8 mm samples are placed together with 
their Si-faces touching each other, as in Fig. 1a). The average 
gap between the surfaces is several tenths of a micrometer due 
to the flatness error and residual roughness of the epi-ready 
polished wafers, and possible particle contamination.  This 
rough estimate is based on visual inspection of fluorescent 
light interference fringes in the cavity (see Fig. 1b) and 
interferometric measurements of sample flatness. 
 

 
Fig. 1. (a) Side view of the disposition of samples in the furnace. 
Both Si-faces (darker areas between samples) are facing each other, 
with the bottom sample resting on a graphite disk which is in contact 
with a graphite platform. (b) Optical image of two samples placed 
over each other as in the growth processing step. Note that Newton’s 
rings are visible due to the air-gap interference of fluorescent light. 

B. Process conditions and results 

We have studied sample morphology and graphene layer 
coverage after growth in different scenarios: a) with and 
without previous H2-etching at 1600 °C with a 4 % H2/Ar 

(a) (b) 
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III. CONCLUS
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